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Abstract: In oceanic islands, well age-constrained deposits containing arthropod somatofossils (body fossils) are rare. 
However, when available, these are important for providing empirical and independent minimum ages for molecular phy¬ 
logenetic dating and complementary data on taxonomy, evolution and palaeobiogeography information of the biological 
groups found as fossils. This is especially important for taxa that speciated within oceanic islands, many becoming single 
island endemics (SIE). Recently, associated with a 1.3 Ma (Calabrian) fluvial and lacustrine sedimentary deposit from 
Porto da Cruz in Madeira Island (Fig. 1), a wing, putatively identified as Hymenoptera, was found. Here we describe this 
wing fossil as belonging to lehneumonidae, a group with ca. 30% of SIE in Madeira Island. Moreover, this is the first 
somatofossil of ichneumonid parasitic wasps found in Madeira Island and in Macaronesian islands (i.e. Azores, Madeira, 
Canaries and Cabo Verde). 

Since the 19 th century, oceanic island attracted several naturalists due to the high probability of finding taxonomical 
novelties (e.g. Vieira, 2005). Darwin (1859) amplified this interest, as oceanic islands biota presented a central role to 
explain evolution. Today oceanic islands became the ideal locations to study evolution, biogeography and ecology (e.g. 
Whittaker et al., 2017). 

Madeira Island (Central Atlantic Ocean; Fig. 1), geologically a shield volcano of 7 Ma (Ramalho et al., 2015 and 
references therein), is considered an insect diversity hotspot where 3019 species and subspecies are known, of which 665 
are SIE (Borges et al, 2008). This diversity is most probably explained by stepping-stone through palaeo-Macaronesian 
islands and isolation (Triantis et al., 2010; Fernandez-Palacios et al., 2011). 

Palaeoentomological records are rare in Madeira. The only known record is from the Mio-Pleistocene deposit of 
Sao Jorge (see Gois-Marques et al., 2018), where Heer (1857) described an extinct coleopteran, Laparocerus wollastoni, 
based on fossilized elytra. Machado (2006) in a taxonomic review of Laparocerus considers this taxon as nomen dubium, 
due to the missing holotype and the impossibility of reapraising its taxonomy. On other Macaronesian archipelagos, espe¬ 
cially in the Canaries Islands, several deposits with insect ichnofossils have been described (e.g. Edwards & Meco, 2000; 
Meco et al., 2011; La Roche et al., 2014). In Azores only xylophagous ichnoentomological traces in charcoal wood are 
known (Gois-Marques et al., 2019b). 

The fossil wing was found within laminated lacustrine fine sandstone, associated with plant fossils. The sediments 
are constrained by two 40 Ar- 39 Ar dates to 1.3 Ma, Calabrian stage (Gois-Marques et al., 2019a). Fossils are kept in the 
palaeobotanical collection at the Madeira University herbarium (UMad-P) with the numbers UMad-P500a (part) and 
UMad-P500b (counter-part). The wing fossil was studied under a stereo microscope, and its identification was performed 
through several sources (e.g. Goulet & Huber, 1993) and specific guidebooks (Prehn & Raper, 2016). Wing description 
follows the Comstock-Needham system as described by Quicke (2015). 
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FIGURE 1. Geographical location of Madeira Island and the Porto da Cruz locality. 

Systematic palaeontology 
Order Hymenoptera Linnaeus, 1758 
Family Ichneumonidae Latreille, 1802 
Genus and species indet. 

Material: UMad-P500a (part: Fig. 2B) and UMad-P500b (Counter-part: Fig. 2C). 

Description: Incomplete hind wing, composed of incarbonized venation, 10.6 mm (base of wing to the RSb apex) 
x 3.16 mm (2Aapex to SC+R), venation more or less complete, except Rl, and the missing vein C; bulla present in rs-m 
and CU-a. Vein 1-A partly detached from the sediment. 

Remarks: blind wing fossil architecture and size correspond to the Ichneumonidae (Fig. 2A). It is distinct from simi¬ 
lar Braconidae hind wings, due to the enclosed VI cell (Fig. 2A and D) (Broad, 2011), and vein rs-m apical to separation 
of veins RSa and RSb (Goulet & Huber, 1993). Further identification is prevented, although the size and venation points 
to a large ichneumonid parasitoid wasp. Genera with similar hind wing size and venation occur today in Madeira, includ¬ 
ing Amblyteles, Ophion, Ichneumon, and Rhyssa (Aguiar, 2008; Aguiar et al, 2017). However, to identify the specimen 
to genus and/or species, more complete fossil specimens are needed, as Ichneumonidae taxonomy is based on fore wing 
and body morphology (e.g. Goulet & Huber, 1993). 

Today, Madeiran Ichneumonidae are represented by 98 spp., of which, 30 spp. are single island endemics (Aguiar, 
2008). Notwithstanding the high number of endemic species, literature reveals that Madeiran ichneumonids are un¬ 
derstudied, being restricted mainly to check lists and taxonomy (e.g. Aguiar, 2008; Aguiar et al, 2017). Recent efforts 
include those of Santos et al. (2011), who demonstrated through host dissection and DNA barcoding that on Macarone- 
sian Islands, parasitoids including Ichneumonidae, had a higher number of generalists (idiobionts) when compared to 
mainland. Studies dealing with immigration, evolution and divergence of ichneumonid parasitoid wasps in Madeira are 
currently lacking. However, the existence of a parasitoid wasp in Madeira Island at 1.3 Ma, certainly points to a complex 
trophic system already installed in the island. 

We conclude that insect somatofossils on oceanic islands are rare, but when found, they can provide interesting pal¬ 
aeontological information. The specimen described is the first record for Madeira island and Macaronesia. It corresponds 
to a fossilized hind wing of an ichneumonoid parasitoid wasp from the Calabrian stage (1.3 Ma) in Madeira Island, imply¬ 
ing also the existence of their hosts. Further entomological and palaeoentomological efforts are needed to understand the 
evolution of these wasps in an insular context. 
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FIGURE 2. Ichneumonidae hind wing morphology and comparison with the wing fossil. A, position and venation in Ichneu- 
monidae ( Ophion obscuratus Fabricius, 1798), figure adapted from Prehn & Raper (2016); B, Specimen UMad-P500a (part); 
C, Specimen UMad-P500b (counter-part); D, drawing interpretation of specimen UMad-P500a with venation nomenclature and 
cell numbers; arrows point to bulla. 

Acknowledgements 

The authors would like to thank J. T. Jennings (The University of Adelaide) for the review that improved this manuscript. 
CAG-M would like to acknowledge financial support from ARD1T1 -Regional Agency for the Development of Research, 
Technology and Innovation, project M1420- 09-5369-FSE-000001- PhD grant. 


References 

Aguiar, A.F., Cravo, D. & Gongalves, Y. (2017) Sawflies and homtails of Madeira Archipelago (Hymenoptera: Symphyta), with 
the first records of two wasp species (Hymenoptera: Ibaliidae & Ichneumonidae) parasitizing Sirex noctilio (Fabricius, 
1793). Entomologist’s Monthly Magazine, 153, 157-170. 

Aguiar, A.M.F. (2008) List of arthropods (Arthropoda): Hymenoptera (Bethylidae, Dryinidae, Ichneumonidae). In: Borges, 
P.A.V., Abreu, C., Aguiar, A.M.F., Carvalho, P. Jardim, R., Melo, I., Oliveira, P, Sergio, C., Serrano, A.R.M. & Vieira, P. 
(Coord.), Listagem dos fungos, flora e fauna terrestre dos arquipelagos da Madeira e Selvagens. Direcgao Regional do 
Ambiente da Madeira e Universidade dos A 9 ores, Funchal e Angra do Heroismo, pp. 352-354. 

Borges, P.A.V., Aguiar, A.M.F., Boieiro, M., Carles-Tolra, M. & Serrano, A.R.M. (2008) The arthropods (Arthropoda) of the 
Madeira and Selvagens archipelagos. In: Borges, P.A.V., Abreu, C., Aguiar, A.M.F., Carvalho, P. Jardim, R., Melo, I., Oli¬ 
veira, P, Sergio, C., Serrano, A.R.M. & Vieira, P. (Coord.), Listagem dos fungos, flora e fauna terrestre dos arquipelagos 
da Madeira e Selvagens. Direcgao Regional do Ambiente da Madeira e Universidade dos Agores, Funchal e Angra do 
Heroismo, pp. 245-262 

Broad, G. (2011) Identification key to the subfamilies of Ichneumonidae (Hymenoptera). The Natural History Museum, London, 
40 pp. 

Darwin, C. (1859) On the origin of species by means of natural selection, or the presei~vation offavoured races in the struggle 
for life. John Murray, London, 502 pp. 

Edwards, N. & Meco, J. (2000) Morphology and palaeoenvironment of brood cells of Quaternary ground-nesting solitary 
bees (Hymenoptera, Apidae) from Fuerteventura, Canary Islands, Spain. Proceedings of the Geologists ’Association , 111, 
173-183. 

https://d 0 i. 0 rg/l 0.1016/S0016-7878(00)80007-3 

Femandez-Palacios, J.M., de Nascimento, L., Otto, R., Delgado, J.D., Garcia-del-Rey, E., Arevalo, J.R. & Whittaker, R.J. (2011) 
A reconstruction of Palaeo-Macaronesia, with particular reference to the long-term biogeography of the Atlantic island 
laurel forests. Journal of Biogeography , 38, 226-246. 
https://doi.Org/10.llll/j.1365-2699.2010.02427.x 

Gois-Marques, C.A., Madeira, J. & Menezes de Sequeira, M. (2018) Inventory and review of the Mio-Pleistocene Sao Jorge 
flora (Madeira Island, Portugal): palaeoecological and biogeographical implications. Journal of Systematic Palaeontology, 


ICHNEUMONID FOSSIL FROM MADEIRA ISLAND 


Zootaxa 4612 (3) © 2019 Magnolia Press • 449 

















16, 159-177. 

https://doi.org/10.1080/14772019.2017.1282991 

Gois-Marques, C.A., Mitchell, R.L., de Nascimento, L., Fernandez-Palacios, J.M., Madeira, J. & Menezes de Sequeira, M. 
(2019a) Eurva stigmosa (Theaceae), a new and extinct record for the Calabrian stage of Madeira Island (Portugal): 40Ar/ 
39Ar dating, palaeoecological and oceanic island palaeobiogeographical implications. Quaternary Science Review, 206, 
129-140. 

https://doi.Org/10.1016/j.quascirev.2019.01.008 

Gois-Marques, C.A., de Nascimento, L., Menezes de Sequeira, M., Fernandez-Palacios, J.M. & Madeira, J. (2019b) The Qua¬ 
ternary plant fossil record from the volcanic Azores Archipelago (Portugal, North Atlantic Ocean): a review. Historical 
Biology, 1-17. [in press] 
https://doi.org/10.1080/08912963.2018.1444761 

Goulet, H. & Fluber, J.T. (1993) Hvmenoptera of the World: An identification guide to families. Centre for Land & Biological 
Resources, Ottawa, 668 pp. 

Heer, O. (1857) Ueber die fossilen Pflanzen von St. Jorge in Madeira. Neue Denkschriften der allgemeinen Schweizerischen 
Gesellschaft fur die gesamten Naturwissenschaften, 15, 1-40. 

La Roche, F., Genise, J.F., Castillo, C., Quesada, M.L., Garcia-Gotera, C.M. & De la Nuez, J. (2014) Fossil bee cells from the 
Canary Islands. Ichnotaxonomy, palaeobiology and palaeoenvironments of Palmiraichnus castellanosi. Palaeogeography, 
Palaeoclimatology, Palaeoecologv, 409, 249-264. 
https://doi.Org/10.1016/j.palaeo.2014.05.012 

Latreille, PA. (1802) Histoire naturelle, generate et particuliere, des Crust aces et des Insectes, Tome troisieme. F. Dufart, Paris, 
467 pp. 

Linnaeus, C. (1758) Systema naturae per regna tria naturae, secundum classes, ordines, genera, species cum characteribus, 
differentiis, synonymis locis, Tomus I. Impensis Direct, Flolmiae and Laurentii Salvii, London, 500 pp. 

Machado, A. (2006) The type material of the species of Laparocerus Schonherr, 1834 (Coleoptera, Curculionidae, Entiminae). 
Journal of Natural History, 40, 2001-2055. 
https://doi.org/10.1080/00222930601046659 

Meco, J., Muhs, D.R., Fontugne, M., Ramos, A.J.G., Lomoschitz, A. & Patterson, D. (2011) Late Pliocene and Quaternary Eur¬ 
asian locust infestations in the Canary Archipelago. Lethaia, 44, 440^454. 
https://doi.org/10.1111/j. 1502-3931,2010.00255.x 

Prehn, N. & Raper, C. (2016) Beginner’s guide to identifying British ichneumonids. Natural History Museum, London, 50 pp. 

Quicke, D.L.J. (2015) The Braconid and Ichneumonid Parasitoid Wasps: Biology, Systematics, Evolution and Ecology. Wiley 
Blackwell, Oxford, 681 pp. 

Ramalho, R.S., Brum da Silveira, A., Fonseca, P.E., Madeira, J., Cosca, M., Cachao, M., Fonseca, M.M. & Prada, S.N. (2015) 
The emergence of volcanic oceanic islands on a slow-moving plate: The example of Madeira Island, NE Atlantic. Geo¬ 
chemistry, Geophysics, Geosystems, 16, 522-537. 
https://doi.Org/10.1002/2014GC005657 

Santos, A.M.C., Fontaine, C., Quicke, D.L.J., Borges, P.A.V. & Hortal, J. (2011) Are island and mainland biotas different? Rich¬ 
ness and level of generalism in parasitoids of a microlepidopteran in Macaronesia. Oikos, 120, 1256-1262. 
https://doi.Org/10.llll/j.1600-0706.2010.19404.x 

Triantis, K.A., Borges, P.A.V., Hortal, J. & Whittaker, R.J. (2010) The Macaronesian province: patterns of species richness and 
endemism of arthropods. In: Serrano, A.R.M., Borges, P.A.V., Boieiro, M., & Oromi, P. (Eds.), Terrestrial Artrhropods of 
Macaronesia - Biodiversity, Ecology and Evolution. Sociedade Portuguesa de Entomologia, Lisboa, pp. 49-71. 

Vieira, A. (2005) A Madeira na Rota das Ciencias e das Investigates Cientificas, As Ilhas e a Ciencia. In: Vieira, A. (Ed.), 
Historia da Ciencia e das Tecnicas: I Seminario Internacional. Secretaria Regional do Turismo e Culture, Funchal, pp. 
23-36. 

Whittaker, R.J., Fernandez-Palacios, J.M., Matthews, T.J., Borregaard, M.K. & Triantis, K.A. (2017) Island biogeography: Tak¬ 
ing the long view of nature’s laboratories. Science, 357 (6354), eaam8326, 1-7. 
https://doi.org/10.1126/science.aam8326 


450 ■ Zootaxa 4612 (3) © 2019 Magnolia Press 


GOIS-MARQUES ETAL. 



